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ELECTRICALLY ISOLATED AND THERMALLY 
CONDUCTIVE DOUBLE-SIDED PRE-PACKAGED COMPONENT 

Technical Field 

(0001] The present invention relates to circuit board components and more 

particularly to electrically isolated and thermally conductive pre-packaged components. 

Background of the Invention 

[0002] There are numerous types of circuit board components in use today, 

including those which have been specifically developed for high current and high power 
applications, such as for electrical vehicles. A current component used in these 
applications is a T0247 package. These devices utilize metalized ceramic substrates, 
stamped copper leads or lead frames, wire bonds, or solderable topside integrated circuits 
(IC). There are a variety of solderable topside packages for use with discreet power 
devices and integrated circuits. One of these devices utilizes a plastic material to 
overmold the T0247 package except for the bottom surface. The plastic overmold 
protects the internal die and wire bonds or bond straps. The bottom surfaces in most 
instances are electrically attached and thermally conductive. It is typically left open to 
provide a thermal and electrical path out of the package. This path also allows the end 
user to connect the package to a heat sinking mass or an electrical bus. 

[0003] With these prior devices, a heat sink pad must be added in order to achieve 

electrical isolation. The pad, however, adds thermal resistance to the assembly, typically 
on the order of 0.1 to 0.5 degrees per C/watt. 

Summary of the Invention 

[0004] It is an object of the present invention to provide an improved circuit board 

component for high power and high current applications, such as an improved TO220 
type-package. The TO220-type package is one half the size of a T0247 package. It is 
also an object of the present invention to provide a TO220-type component which has 
improved thermal performance and electrical isolation. It is a further object of the present 
invention to provide a TO220-type component which has higher current carrying 
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capabilities than wire bonds and better durability and fatigue strength. It is a still further 
object of the present invention to provide a reliable, high current, high power TO220-type 
device that is pre-packaged and available for use in a variety of applications. 

[0005] The present invention provides an electrically isolated and thermally 

conductive double-sided TO220-type component. The invention provides a pre-packaged 
component which has particular use in high current and high power applications. The 
component has a pair of ceramic substrates on the top and bottom sides with stamped 
copper leads or lead frames. Integrated circuit (IC) devices such as discrete transistors, 
diodes, resistors, etc. are positioned between the ceramic substrates. Solderable bonded 
copper layers are provided on the top and bottom ceramic substrates. Power from the 
device is dissipated in two directions and the temperature rise is reduced approximately in 
half. The electrically isolated top and bottom surfaces eliminate the use of heat sink pads. 

s ~" 

C3 [0006] Other objects and features of the present invention will become apparent 

C3 

jn when viewed in light of the detailed description of the preferred embodiment when taken 

^ in conjunction with the attached drawings and appended claims. 

% Brief Description of the Drawings 

" n [0007] FIGURE 1 illustrates a prior art TO220 package component; 

U 

La (0008] FIGURE 2 illustrates a packaged component in accordance with the 

~ present invention; 

fll 

[0009] FIGURES 3A and 3B are exploded views of the component device shown 

in Figure 2, with Figure 3 A showing the exploded view in one direction and Figure 3B 
showing the exploded view in the opposite direction; 

[0010] FIGURES 4A and 4B are exploded views of an alternate embodiment of 

the present invention; and 

[0011] FIGURES 5 A and 5B are exploded views of still another embodiment of 

the present invention. 
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Description of the Preferred Embodiment(s) 

[0012] A known TO220 package component device is shown in Figure 1 and 

referred to generally by the reference numeral 10. The connector 10 has a plastic 
overmold covering 12, which covers the entire device except for the bottom surface (not 
shown but referred to by the reference numeral 14). The uncovered lower surface can 
provide a thermal and electrical path out of the package 10. This path also allows the use 
of a heat sinking mass or an electrical bus. If a heat sink pad is added to achieve electrical 
isolation, the pad adds thermal resistance to the assembly, typically on the order of 0.1 to 
0.5° C/watt. 

[0013] TO220 devices are pre-packaged integrated circuit (IC) components for use 

with printed circuit boards. The pre-packaged devices include transistors, diodes, 
resistors, and other internal components depending on the particular circuit and use 

C3 desired. The leads or lead frame are attached to the circuit boards preferably by soldering. 

C3 

in Many current TO220-type devices utilize wire leads and wire bonds. Wire bonds crowd 

or concentrate the current and generate heat. Wire bonds also limit the current density of 

iU 

<5 the device. 

srr= 

s [0014] An embodiment of the present invention is shown in Figure 2 and indicated 

n 

11 in general by the reference numeral 20. Figures 3A and 3B are exploded views of the 

f JZ device 20 showing the components in opposite directions. 

:f [0015] The device 20 has a pair of ceramic substrate members 22 and 24. The 

ceramic material can be any of the ceramic materials commonly used today, but preferably 
is either alumina (A1 2 0 3 ), aluminum nitride (AIN), silicon nitride (SiN) or beryllium 
oxide (BeO). These ceramic substrates vary in thermal performance so the selection of the 
particular ceramic material to be utilized typically depends on the thermal requirements of 
the specific application. 

[0016] The device 20 also includes a lead frame 26, which typically is comprised 

of a stamped copper material. The lead frame typically has a plurality of connector 
members, including a source member 28, a drain member 30, and a gate member 32. The 
source member, drain member, and gate member are used to connect the device to an 
electrical bus or other device utilized in the particular application. The lead frames are 
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particularly used in high current applications (e.g. 200 ampheres). For lower current 
applications, individual lead pins can be utilized, as shown in Figures 4A-4B and 5A-5B. 

[0017] The device 20 also includes a transistor, such as a MOSFET (metal oxide 

semiconductor field effect transistor) or an IGBT (isolated gate bipolar transistor) 32 
which is positioned between the two substrates 22 and 24 and electrically connected to the 
members in the lead frame 26. 

[0018] The drain member 30 is soldered and thus mechanically connected to the 

top and bottom members 22 and 24. The drain member 30 is electrically connected to the 
drain pad 36 only. The source member 28 is similarly soldered and mechanically 
connected to the top and bottom members 22 and 24. The source member 28 is 
electrically connected to the source pad 38 only. The gate pin or member 32 is soldered to 
gate runner 35 which is electrically connected to the gate 34 in the MOSFET. 

q [0019] Each of the ceramic substrates 22 and 24 can include a layer of solderable 

JtJ material 23 and 25 on the outer surfaces thereof. Pressure attached applications may not 

W require solderable material 23 and 25 on the outer surface. Elimination of 23 and 25 

J reduces the thermal resistance and device temperature. 

p [0020] Other embodiments of the invention are shown in Figures 4A-4B and 5 A- 

L=§= 

l A 5B. The component device 50, as shown in Figures 4A-4B, includes upper and lower 

CP ceramic substrate members 52 and 54 which have direct bonded copper (DBC) solderable 

Q 

fy layers 53 and 55, respectively, positioned thereon. A pair of source pins 58, a pair of drain 

pins 60, and a gate pin 62 are positioned between the two substrate members 52 and 54 
and protrude therefrom for electrical connection to the IC or bus bar. The gate pin 62 
electrically connects with gate 64 in the MOSFET 66 by the gate runner 68. In the 
TO220-type component device shown in Figures 5A and 5B and indicated by the 
reference numeral 80, a pair of ceramic substrate members 82 and 84 is provided. Each of 
the substrates has a solderable surface or substrate secured thereon, the substrates being 
identified by the reference numerals 83 and 85. The lead member includes a pair of source 
pins 86, a pair of drain pins 88, and a gate pin 90. One end of the pins 86, 88, and 90 is 
positioned between the two substrate members 82 and 84 when the device 80 is assembled 
and soldered together. The device 80 also includes a drain pad 92, which is positioned on 
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ceramic substrate member 84, a MOSFET 94 and a source pad 96 positioned on the 
ceramic substrate member 82. 

10021J A gate runner 98 connects the gate pin 90 to the gate on the MOSFET 94. 

The MOSFET can have a number of gates, even though only one is used (the others are 
redundant). The extra gates allow design flexibility, provide the ability to use another gate 
if the one being utilized were to fail, and allows the device to be self-aligning during 
assembly. 

[0022] As noted above with reference to Figures 3A-3B, 4A-4B, and 5A-5B, the 

configuration of the lead frame pins, MOSFET, gate runner and the like will change to 
match the geometry of the integrated circuits utilized with the device. 

[0023] With the present invention, power can be dissipated in two directions from 

f t the IC component device, either up through the substrate on the upper surface of the 

C3 

C5 device, or down through the base substrate. Utilization of a double-sided package reduces 

in 

f 'r* the temperature rise of the device approximately in one-half. 

w 

*p [0024] The solderable top and bottom substrates on the device also are isolated 

^ from the integrated circuits and pins by the ceramic substrate members. By providing 

£g electrically isolated top and bottom surfaces, the use of heat sink pads are eliminated. 

i A Heat sink pads are expensive to acquire and utilize in a device and also add thermal 

IH resistance to the device on the order of 0.1 to 0.5° C/watt. 

5 

iy [0025] The present invention is not limited to TO220-type devices. It can be used, 

for example, with devices having larger substrates and "footprints," such as super TO220 
devices, T0247 devices and SO devices. The invention also has use in both single inline 
package devices (SIPS) and dual inline package devices (DIPS). 

[0026] The present inventive devices have the ability to carry higher currents with 

less temperature rise than conventional wire bonded and strap bonded devices. The 
inventive devices conduct current and uniformly extract current across the entire face, not 
just at certain wire bond connection sites. 

[00271 The present invention also has better durability and fatigue strength. The 

lower coefficient of expansion results in less movement during temperature cycling 
leading to longer durability and greater strength. 
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[0028] The use of multiple wire bonds is eliminated which saves manufacturing 

cycle time and material. The use of a plastic overmold is also eliminated. Due to the 
present invention, the change to different configurations can be done relatively easily and 
inexpensively. 

{0029] The use of lead pins and lead frames also provides for improved processing 

and manufacturing of the devices. The copper lead member can be stamped and plated. 
The assembly can be inline with other high volume hybrid components. 

[0030] While particular embodiments of the invention have been shown and 

described, numerous variations and alternate embodiments will occur to those skilled in 
the art. Accordingly, it is intended that the invention be limited only in terms of the 
appended claims. 



